Background. Previous studies suggest that human immunodeficiency virus (HIV)-infected cancer patients are less likely to receive cancer treatment. The extent to which this disparity affects the growing population of elderly individuals is unknown and factors that mediate these treatment differences have not been explored.
Widespread and effective antiretroviral therapy (ART) has reduced the risk of developing AIDS and has greatly increased the life expectancy of human immunodeficiency virus (HIV)-infected individuals in the United States [1, 2] . As such, an increasing number of HIV-infected individuals are now at risk of cancers that typically occur with aging [3] . Given the increasing burden of cancer in the aging HIV-infected population, effective strategies to treat cancer in this population are needed. It is also important to ensure that patients are being properly referred for and are receiving these treatments. Unfortunately, recent studies suggest that HIV-infected individuals are significantly less likely to receive cancer treatment compared with uninfected individuals, but findings have differed by study population and cancer type [4, 5] , including one study that found that HIV-infected individuals may even be overtreated for prostate cancer [6] . Although the incidence of many cancers increases with aging, studies that focus on treatment in elderly individuals with HIV are limited to only lung cancer [5, 7] .
Understanding the effect of HIV on receipt of cancer treatment and identifying characteristics of HIV-infected individuals who do not receive timely and appropriate treatment are critical steps toward reducing the higher cancer-specific mortality reported for HIV-infected cancer patients [8, 9] . The extent to which time from cancer diagnosis to initiation of cancer treatment differs between HIV-infected and -uninfected individuals remains unclear, and research is needed to examine underlying drivers of HIV-related differences. For example, we hypothesize that HIV-infected individuals may be less likely to receive treatment because of competing medical conditions (comorbidities) or late-stage diagnosis, where harms of treatment may outweigh benefits. In this study, we focus on a growing subset of the HIV population in Americathose who are aged 65 years or older and diagnosed with cancerto examine factors associated with receipt of cancer treatment and delays in initiation of cancer therapy.
(SEER)-Medicare linkage database from 1991 to 2012, which includes individuals diagnosed with cancer in the SEER program who have been matched with their Medicare enrollment and billing claims records. The study goal was to focus on a diverse set of cancers, so we included the most common cancers in this elderly population (prostate, lung, breast, colorectal cancers) and also included both AIDS-defining (non-Hodgkin lymphoma [NHL] ) and non-AIDS-defining cancers that are relatively common in HIV-infected individuals (cancer of the anus, bladder, kidney, and liver, and melanoma). This study was restricted to invasive cancers that were diagnosed (1) at ≥66 years of age to ensure at least 1 year of previous claims data; (2) on/after January 1992, when both the SEER and Medicare data were available; (3) before December 2011 to ensure 1 year of follow-up available after cancer diagnosis; and (4) among individuals with part A, part B, non-health maintenance organization coverage for at least 1 year before through 1 year after cancer diagnosis.
Cancer cases were defined as HIV-infected if an International Classification of Diseases, Ninth Revision code for HIV (042, 043, 044, or V08) was found in the Medicare Provider Analysis and Review (MEDPAR) file, or if ≥2 claims for those diagnosis codes were included in National Claims History (NCH) or the Outpatient files ≥30 days apart. If these criteria were not met up 365 days after the date of cancer diagnosis, cancer cases were considered HIV uninfected.
The study outcome, receipt of initial cancer treatment, was defined as one or any combination of surgery, radiotherapy, chemotherapy including oral prescriptions, hormone/biologic therapy, or transplant within 6 months of cancer diagnosis. Cancer treatment data were ascertained using the NCH, Outpatient, MEDPAR, and durable medical equipment (which contains data on oral chemotherapy) files of the SEER-Medicare linkage. For each cancer type, these files were searched for codes that indicate possible cancer treatments. Then, the final code list was compared against the National Comprehensive Cancer Network guidelines to ensure it included all standard treatments [10] and was further reviewed for completeness by an oncologist with expertise in using large databases to examine cancer treatment (G. S.).
Available covariates of interest in this study included age, sex, race, year of cancer diagnosis, metropolitan setting (big metropolitan/metropolitan vs urban/less urban/rural), cancer stage, comorbidities, and socioeconomic status (SES). To avoid collinearity and to best capture SES in regression models, a composite binary variable was created based on zip code-level median income, percentage of high-school graduates, and percentage of residents living below poverty. For prevalent comorbidities, the Medicare claims were searched for codes indicating the 15 other comorbidities (excluding cancer and HIV) included in the Charlson index in the year prior to cancer diagnosis [11] .
Statistical Analysis
Demographic, clinical, and health characteristics of the study population, as well as the proportion of cancer cases receiving treatment within 6 months of cancer diagnosis, were described. Pearson χ 2 tests and Wilcoxon rank-sum tests were used to compare these characteristics by HIV status for categorical and continuous variables, respectively; trend tests were used for ordered variables. Time from cancer diagnosis to treatment was compared by HIV status and age using Kaplan-Meier curves.
Only the month and year of cancer diagnosis were available in SEER, so the date of diagnosis was assumed to be the 15th of the month. If the treatment date occurred within 15 days before the diagnosis date, we assumed they occurred at the same time.
Time-to-event analyses were used to formally compare receipt of cancer treatment by HIV status for each cancer type, and for all cancers combined with adjustment for cancer type. In the absence of treatment, participants were censored at the earliest of death or 183 days (6 months) after cancer diagnosis. Likelihood ratio tests were used to identify potential interactions between HIV and other covariates on time to treatment. A significant interaction was found for age (P < .05), so results are stratified by age 66-70 years (younger subset) and age >70 years (older subset).
Mediation analysis, using the inverse odds ratio weighting method [12] , was employed to examine the extent to which cancer stage and comorbidities could explain the association between HIV and cancer treatment (Supplementary Data 1) . Here, HR TOTAL = HR DIRECT × HR INDIRECT , where HRs correspond to hazard ratios for cancer treatment. HR TOTAL is the estimate of the overall association (all sources and pathways) between HIV and cancer treatment, after adjustment for measured confounding factors (race, sex, composite SES, year of diagnosis [Supplementary Data 2] , and metropolitan setting). HR INDIRECT captures the "indirect" effect, which is the portion of the association between HIV and cancer treatment that is mediated, or accounted for, by differences in cancer stage and comorbidities. HR DIRECT estimates the direct effect of HIV itself, that is, the portion that does not work through cancer stage and comorbidities, although this direct effect might be mediated through other unmeasured pathways. Models were bootstrapped 500 times to estimate the standard errors. Finally, factors associated with receipt of cancer treatment among HIV-infected individuals were examined using standard Cox proportional hazards models restricted to the HIV subpopulation. Analyses were conducted using Stata version 14 and R version 3.3.1 software.
RESULTS
In this study of elderly Americans with cancer (n = 930 359), 687 were HIV infected (0.07%), of whom the majority (n = 631) had their first HIV claim prior to cancer diagnosis (median, 1281 days [interquartile range {IQR}, 660-2144]; Table 1 ). Of the cancers examined, lung and prostate were the most common in both HIV-infected and uninfected individuals. HIV-infected individuals had lower proportions of bladder, breast, and colorectal cancers and higher proportions of anal cancer, liver cancer, and NHL, compared with HIV-uninfected individuals. HIV-infected cancer patients were younger (median, 71 years [IQR, 68-76 years]) than HIV-uninfected patients (median, 75 years [IQR, 71-81 years]), and a higher proportion of HIVinfected individuals were non-Hispanic black or Hispanic (31% and 11%, compared with 8% and 5% in HIV uninfected, respectively). Annual cancer screening, excluding the year before diagnosis, was higher in HIV-infected individuals (median, 0.47 screens per year vs 0.35 in HIV uninfected). Diagnosis of distant-stage cancers was equally common by HIV status (20%), whereas HIV-infected individuals were less likely to have localized/regional cancers (61% vs 65% in HIV uninfected) and more likely to have unknown stage. HIV-infected individuals were more likely to have a high number of comorbidities (26% had ≥4 comorbidities vs 11% in HIV uninfected) and to reside in metropolitan areas and areas of lower SES.
Overall, 68% of HIV-infected and 75% of HIV-uninfected individuals received cancer treatment within 6 months of cancer diagnosis (P < .01). However, the differences were actually restricted to individuals aged 66-70 years: only 65% of HIVinfected individuals received cancer treatment compared with 81% of HIV-uninfected individuals (P < .01; Table 2 ; Figure 1 ). Time from cancer diagnosis to treatment initiation was also longer in HIV-infected individuals overall, but particularly among the younger subpopulation, with a median of 43 days to first treatment compared with 36 days in HIV-uninfected persons (P < .01). The negative association between HIV and cancer treatment was also related to the type of cancer in the younger subpopulation: HIV-infected individuals were significantly less likely to be treated for colorectal, kidney, lung, and prostate cancers (P < .05). In the older subpopulation (>70 years), there were no differences between HIV-infected and -uninfected individuals in receipt (71% vs 73%, respectively) or time to treatment (median 31 vs 30 days, respectively) except for anal cancer, for which treatment was delayed in HIV (median, 61 days vs 35 in HIV uninfected; P = .02).
There remained no difference in receipt of treatment by HIV status in the older subpopulation, even after adjustment for confounding variables (HR TOTAL 
DISCUSSION
Based on the limited inclusion of elderly individuals with HIV in previous research, this study explored treatment for a variety of cancer types in a cohort of nearly 1 million elderly Americans. We found that individuals with HIV were less likely to receive timely cancer treatment compared to those without HIV. In fact, 35% of HIV-infected individuals aged 66-70 years received no cancer treatment within 6 months of cancer diagnosis, and there were modest delays in time to treatment compared to HIV-uninfected individuals. After taking into account potential confounding variables, HIV-infected individuals still had 20% lower treatment rates overall, and treatment rates were lower specifically for HIV-infected individuals with colorectal, lung, and prostate cancer. Importantly, these less-treated cancers represent 3 of the 4 most common cancers studied in this HIV population. Two important clinical factors, cancer stage at diagnosis and burden of comorbidities, may explain 24% of the difference in cancer treatment rates. A recent study estimated that over a 5-year period, 10% of HIV-infected individuals in the United States developed cancer at age 65 years or older [13] , and cancer is the leading cause of non-AIDS-associated death [8, 9] . Thus, with the current aging of the HIV population, understanding the complexities in provision of cancer care and treatment will be essential to reduce disparities, prevent premature death, and improve quality of life. A study using linked HIV and cancer registries in Texas found that HIV-infected individuals with lung cancer were less likely to receive cancer treatment compared with HIVuninfected individuals [4] , and HIV-infected individuals were at least 20% less likely to receive cancer treatment for a variety of other cancers as well [14] . In a prior study using Medicare data, no differences in treatment for non-smallcell lung cancer were seen by HIV status [5] . This is consistent with the present study, as no differences were seen in treatment rates considering the Medicare population as a whole, including for lung cancer. However, when we stratified our Medicare population by age, treatment disparities in the younger subset were observed, a finding consistent with the majority of prior studies that focused on relatively younger populations [4-6, 14, 15] . Notably, age-related treatment patterns differed by HIV status: Treatment rates in HIV-infected individuals increased with age, whereas treatment decreased with age in HIV-uninfected individuals. The decline in cancer treatment with age in HIVuninfected individuals is consistent with prior studies of breast, colon, prostate, and other types of cancer treatment in the general population [16] [17] [18] . However, the observed increase in treatment with age up to age 80 years in the HIV population is a novel finding with no clear explanation. Together, these patterns highlight that age modifies the association between HIV and cancer treatment in the aging population, and may help to explain inconsistent results across other study populations.
As our study highlights, the growing problem of multimorbidity and thus need for polypharmacy is greatly amplified in the elderly HIV population with cancer [19, 20] -80% of HIVinfected cancer patients in our study had at least 1 of 15 other comorbidities. We hypothesized that cancer treatment rates may be lower because of medical indication against treatment, perceived low benefit-to-harm ratio, or competing health risks. Therefore, unlike prior research, we considered factors such as comorbidities and stage at diagnosis as mediators, rather than confounders, of the association between HIV status and receipt of cancer treatment. Although cancer stage at diagnosis was an important predictor of treatment among those with HIV, there was no consistent association between comorbidity score and cancer treatment. As such, cancer stage and medical comorbidities combined accounted for only a nonsignificant 24% of the difference in cancer treatment rates between HIV-infected and HIV-uninfected cases in the 66-70 year-old age group. Thus, our findings suggest that HIV infection itself, which accounted for 76% of the total effect in younger cancer patients (HR DIRECT in our mediation analyses), is the predominant comorbidity adversely associated with cancer treatment in individuals aged 66-70 years. It is also likely that the total effect attributable to HIV remains affected by unmeasured confounding such as education or health behavior, or additional mediating variables that are yet to be identified. We conducted a sensitivity analysis where we added the annual number of cancer screenings to the mediation analysis of the younger subpopulation, as a marker of access to care or differences in engagement in routine care that might affect receipt of treatment. Despite observed differences in cancer screening by HIV status, this did not change the esti- Our findings of differences in treatment by HIV are consistent with findings from a recent survey of oncologists, in which approximately 20% said they would modify prescribing behavior based on HIV status [21] . In addition, the majority of providers felt that sufficient clinical management guidelines were not available to aid in treatment decision making. These findings and the extensive literature focusing on interactions between ART and chemotherapeutics [22] [23] [24] point to a need for guidelines that support individualized cancer treatment plans, in close coordination between HIV physicians and oncologists. Prior research has shown that having multidisciplinary care teams can result in treatment rates and outcomes in HIV-infected individuals that are comparable to those without HIV [25] .
Prior research in the general population suggests that longer time from cancer diagnosis to treatment could be associated with worse outcomes in breast, colorectal, and melanoma skin cancer [26] . Factors related to delayed treatment include older age, low SES, multiple comorbidities, nonwhite race/ethnicity, nonprivate health insurance, and diagnosis at a referring hospital [27] [28] [29] . The present study adds to the literature by providing evidence that HIV is also associated with treatment delays, and presents the first data on time to cancer treatment in older Americans with HIV. This is an important absolute measure to consider in addition to the overall treatment rates. Prior studies have focused on treatment delays of 15-30 days [27, 28, 30] , so it is unclear whether our observed delay of 7 days would negatively impact patient outcomes, or simply reflects the increased time needed for treatment planning in these potentially more complicated patients with HIV/AIDS.
Unfortunately, indicators of HIV progression such as CD4 cell count and HIV RNA load are not available in SEER-Medicare, and data on antiretroviral claims only started in 2007 with 50%-70% Medicare part D coverage, so we could not explore the extent to which severity of HIV or ART use was associated with cancer treatment. However, in the analysis of the HIV subpopulation, we included timing of first HIV diagnostic claim relative to cancer diagnosis, which was not associated with cancer treatment. In addition, analyzing the details of complex treatment algorithms was beyond the scope of this study, so future research should address whether the types or completeness of treatment, and subsequent survival, differ by HIV status and effective ART use. A strength of this study is the population-based design, which allowed us to examine several common cancers in a representative population. Although the number of cases is small for some individual cancers, this study represents one of the largest possible samples of older HIV-infected adults with cancer, since SEER-Medicare captures >25% of elderly Americans [31] .
The elderly HIV population is at high risk for cancer, yet there are limited data specific to cancer treatment in aging HIV populations. This study begins to fill the gaps in our knowledge with regard to cancer care disparities across a variety of cancer types and subgroups less likely to receive treatment. HIV-infected individuals differ in many ways compared to HIV-uninfected individuals with regard to the development and management of cancer that may ultimately affect survival. Even after accounting for many of these factors, HIV-infected individuals still had lower treatment rates for common cancers, particularly the younger subset that might benefit the most from improved cancer survival in terms of additional life expectancy. The results of this study go beyond simply quantifying these disparities and highlight the need for a multilevel evaluation of barriers to care and for multidisciplinary teams to manage these complex cases, particularly younger individuals with common cancers, who currently experience low treatment rates.
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